Recipient age and weight affect chronic allograft nephropathy in rats by Liu, Shanying
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 ,QWURGXFWLRQ
7KH VKRUWWHUP UHVXOWV DIWHU FOLQLFDO RUJDQ WUDQVSODQWDWLRQ KDYH LPSURYHGSURJUHVVLYHO\ RYHU
WKHODVWGHFDGHV7KDQNVWRUHILQHPHQWVLQWLVVXHW\SLQJDGYDQFHPHQWVLQRUJDQSUHVHUYDWLRQ
RSHUDWLYHWHFKQLTXHVDQGDX[LOLDU\FDUHPRUHHIIHFWLYHLPPXQRVXSUHVVLYHDJHQWVDQGEHWWHU
PRQLWRULQJ DIWHU HQJUDIWPHQW )RU H[DPSOH RQH \HDU VXUYLYDO RI FDGDYHULF NLGQH\V KDV
LQFUHDVHGIURPDSSUR[LPDWHO\E\WKHHQGRIWKHVWRDERXWQRZGD\V*MHUWVRQ
':  DQG IRU OLYLQJUHODWHG NLGQH\V IURP  WR  7HUDVDNL 3, HW DO 
'HVSLWHWKLVLPSUHVVLYHSURJUHVVKRZHYHULWKDVEHFRPHFOHDUWKDWFOLQLFDOWUDQVSODQWDWLRQKDV
QRWDFKLHYHGLWVJRDODVDORQJWHUPWUHDWPHQW
7KHWZRODUJHVWSUREOHPV LQUHQDO WUDQVSODQWDWLRQDUHRUJDQVKRUWDJHDQG ODWHJUDIW ORVVZLWK
FKURQLFDOORJUDIWQHSKURSDWK\&$1EHLQJWKHPDLQFDXVHV3DXO/&
 'HILQLWLRQRIFKURQLFDOORJUDIWQHSKURSDWK\
&KURQLFDOORJUDIWQHSKURSDWK\&$1RUFKURQLFUHMHFWLRQLV WKHPRVWFRPPRQFDXVHRI ODWH
UHQDO DOORJUDIW ORVV ,W LV GHILQHG DV D VWDWH RI LPSDLUHG UHQDO DOORJUDIW IXQFWLRQ DW OHDVW 
PRQWKVSRVWWUDQVSODQWDWLRQ LQGHSHQGHQWRIDFXWHUHMHFWLRQRYHUWGUXJWR[LFLW\DQGUHFXUUHQW
RUGHQRYRGLVHDVH+DOORUDQ3)HWDO&$1LVFKDUDFWHUL]HGE\IXQFWLRQDOLPSDLUPHQW
ZLWK D QRQVSHFLILF SDWKRORJ\ WXEXODU DWURSK\ LQWHUVWLWLDO ILEURVLV DQG ILEURXV LQWLPDO
WKLFNHQLQJ LQ WKH DUWHULHVZLWK YDULDEOH JORPHUXODU OHVLRQV%RWK DOORDQWLJHQGHSHQGHQW DQG
DOORDQWLJHQLQGHSHQGHQWPHFKDQLVPVPD\SDUWLFLSDWH LQ WKHGHYHORSPHQWRI WKLVSURJUHVVLYH
UHQDOJUDIWG\VIXQFWLRQHYHQWXDOO\ OHDGLQJ WRVLPLODUKLVWRORJLF IHDWXUHVDQGFOLQLFDOSLFWXUH
&$1KDVEHHQUHJDUGHGDVDV\QRQ\PIRUFKURQLFUHQDODOORJUDIWUHMHFWLRQLQPDQ\VWXGLHVRI
ODWHJUDIWG\VIXQFWLRQ$OWKRXJKDOORDQWLJHQ LQGHSHQGHQWPHFKDQLVPVPD\SOD\DQLPSRUWDQW
UROH LQ WKHSDWKRJHQHVLVRISURJUHVVLYH JUDIW IDLOXUH WKH WHUPFKURQLF UHMHFWLRQ LV VWLOO XVHG
ERWK WR RXWOLQH WKH LPSRUWDQFH RI LPPXQRORJLF PHFKDQLVPV HYHQ LQ HYHQWV WULJJHUHG E\
DOORDQWLJHQLQGHSHQGHQW IDFWRUV DQG WR DYRLG DQ\ FRQIXVLRQ ZLWK WKH FKURQLF QHSKURSDWK\
FDXVHGE\WKHFDOFLQHXULQ LQKLELWRUVF\FORVSRULQH DQGWDFUROLPXV
 +LVWRORJ\RIFKURQLFDOORJUDIWQHSKURSDWK\
&KURQLFDOORJUDIWQHSKURSDWK\LVFKDUDFWHUL]HGLQWKH%DQIIFODVVLILFDWLRQE\FKURQLFWUDQVSODQW
JORPHUXORSDWK\ PHVDQJLDO FHOO SUROLIHUDWLRQ PHVDQJLDO PDWUL[ LQFUHDVH DQG SHULSKHUDO
PHVDQJLDOLQWHUSRVLWLRQZLWKWKLFNHQLQJRIJORPHUXODUFDSLOODU\ORRSVLQWHUVWLWLDOILEURVLVDQG
WXEXODUDWURSK\DVZHOODVSUROLIHUDWLRQDQGWKLFNHQLQJRIWKHYDVFXODULQWLPD7KH&$1WULDG
WXEXODUDWURSK\ LQWHUVWLWLDO ILEURVLV DQG ILEURXV LQWLPDO WKLFNHQLQJLV WKHEDVLV IRU WKH%DQII
FODVVLILFDWLRQRI&$16ROH].HWDO
+LVWRORJLFDOO\&$1 LV FKDUDFWHUL]HG E\ ILEURXV LQWLPDO WKLFNHQLQJ RI DUWHULRODU DQG DUWHULDO
YHVVHOVXVXDOO\DVVRFLDWHGZLWKJORPHUXODUDQGWXEXORLQWHUVWLWLDOFKDQJHV7KHDUWHULDOLQWLPDO
ILEURVLVDOVRFDOOHGWUDQVSODQWDUWHULRSDWK\PD\DIIHFWVPDOOSUHJORPHUXODUDUWHULROHVDVZHOO
DVLQWHUOREXODUDUWHULHVDQGHYHQPDLQUHQDODUWHU\,QLWLDOO\WKHUHDUHSUROLIHUDWLYHFKDQJHVRI
LQWLPDODQGVPRRWKPXVFOHFHOOV IROORZHGE\SURJUHVVLYHYDVFXODUVFOHURVLVDQGREOLWHUDWLRQ
FDXVHG E\ H[WUDFHOOXODU PDWUL[ GHSRVLWLRQ &ROYLQ 5%  7KH JORPHUXOL PD\ VKRZ DQ
LQFUHDVH LQ PHVDQJLDO FHOO DQG PDWUL[ WKLFNHQLQJ DQG GXSOLFDWLRQ RI JORPHUXODU EDVHPHQW
PHPEUDQHZLWK VFDUULQJ DQG DGKHVLRQ +DELE5 HW DO  7KHVH OHVLRQV DUH DOVR FDOOHG
WUDQVSODQWJORPHUXORSDWK\7KHUH LVDGLIIXVH LQWHUVWLWLDO O\PSKRF\WLF LQILOWUDWLRQDQGYDULRXV
GHJUHHV RI LQWHUVWLWLDO DQG WXEXODU DWURSK\ 7KH SHULWXEXODU FDSLOODULHVPD\ VKRZ WKLFNHQLQJ
DQGPXOWLOD\HULQJ RI WKH EDVHPHQWPHPEUDQHZKLFK DSSHDU WREH VSHFLILF 0RQJD* HW DO

 &OLQLFDOPDQLIHVWDWLRQVRIFKURQLFDOORJUDIWQHSKURSDWK\
&OLQLFDOO\&$1 LV FKDUDFWHUL]HGE\DSURJUHVVLYHGHWHULRUDWLRQRINLGQH\DOORJUDIW IXQFWLRQ
3URWHLQXULD DQG K\SHUWHQVLRQ DUH RIWHQ DVVRFLDWHG ZLWK &$1 7KH RQVHW RI SURWHLQXULD LV
JHQHUDOO\FRQVLGHUHGDVKLJKO\VXVSLFLRXVIRUDQXQGHUO\LQJ&$18VXDOO\SURWHLQXULDUDQJHV
EHWZHHQDQGJSHUGD\+RVWHWWHU7+EXWLWPD\EHLQDQHSKURWLFUDQJHLQWKHFDVH
RIDQXQGHUO\LQJWUDQVSODQWJORPHUXORSDWK\)LUVW05HWDO$FRUUHODWLRQEHWZHHQWKH
OHYHORISURWHLQXULDDQG&$1KDVEHHQIRXQG$UWHULDOK\SHUWHQVLRQLVH[WUHPHO\FRPPRQLQ
&$1 $Q DVVRFLDWLRQ EHWZHHQ WKH VHYHULW\ RI K\SHUWHQVLRQ DQG WKH GHJUHH RI KLVWRORJLFDO
.DVLVNH%/HWDOGDPDJHKDVEHHQUHSRUWHG
 5LVNIDFWRUVIRUFKURQLFDOORJUDIWQHSKURSDWK\
%RWK DOORDQWLJHQGHSHQGHQW DQG DOORDQWLJHQLQGHSHQGHQW PHFKDQLVPV DUH LQYROYHG 7ZR
K\SRWKHVHV KDYH EHHQ VXJJHVWHG WR H[SODLQ WKH HWLRORJ\ RI &$1 WKH ILUVW LV WKDW WKH
SKHQRPHQRQ LV SULPDULO\ DQ DOORDQWLJHQGHSHQGHQW HYHQW LQIOXHQFHG E\ HDUO\ DFXWH
LPPXQRORJLFDO LQMXU\WRWKHJUDIWDQGE\ODWHURQJRLQJKRVWDOORUHVSRQVLYHQHVVWKHVHFRQGLV
WKDWGRQRUDVVRFLDWHGDOORDQWLJHQLQGHSHQGHQW IDFWRUV DQG WKRVHVXUURXQGLQJ WKHHQJUDIWPHQW
SURFHGXUHSUHGLVSRVHIRUFKURQLFFKDQJHV+DOORUDQ 3)HWDO$VWKHVHPHFKDQLVPVDUH
SUREDEO\ RIWHQ LQWHUZLQHG DQG LW LV GLIILFXOW WR VHSDUDWH WKH UHODWLYH LPSDFW RI DOORDQWLJHQ
GHSHQGHQW RU DOORDQWLJHQ LQGHSHQGHQW IDFWRUV RQ WKH GHYHORSPHQW DQG SURJUHVVLRQ RI&$1
7KHPRVWFRPPRQO\DFFHSWHGULVNIDFWRUVDUHKLVWRLQFRPSDWLELOLW\DFXWHUHMHFWLRQLQIHFWLRQV
SDUWLFXODUO\ F\WRPHJDORYLUXV LQIHFWLRQ GUXJ WR[LFLW\ SDWLHQW GRQRU DJH K\SHUOLSLGHPLD
K\SHUWHQVLRQDQGLQLWLDOLVFKHPLDUHSHUIXVLRQLQMXU\6]DER$HWDO
 0HFKDQLVPVRIFKURQLFDOORJUDIWQHSKURSDWK\
&$1KDV EHHQ FRQVLGHUHG DV D SURFHVV RI VFDU IRUPDWLRQ UHVXOWLQJ LQ WKH GLVUXSWLRQ RI WKH
QRUPDO WLVVXH DUFKLWHFWXUH DQG IXQFWLRQ5HSHWLWLYH WLVVXH LQMXU\ RYHU D VKRUW SHULRG RI WLPH
PD\UHVXOWLQH[FHVVLYHSURGXFWLRQRIILEURJHQLFF\WRNLQHVDQGH[FHVVLYHVFDUIRUPDWLRQZLWK
RUZLWKRXWGHFUHDVHGEUHDNGRZQRI WKHGHSRVLWHG H[WUDFHOOXODUPDWUL[PDWHULDO DV VKRZQ LQ
RWKHUUHQDOGLVHDVHVZLWKLQWHUVWLWLDOILEURVLV(GG\$$+\SRWKHVHVKDYHEHHQSURSRVHG
WRH[SODLQWKHPHFKDQLVPVWKDWDUHLQYROYHGLQODWHUHQDODOORJUDIWORVV
 0DODGDSWLYH UHVSRQVH WR HDUO\ LQMXU\LQGXFHG QHSKURQ ORVV $ JURZLQJ ERG\ RI GDWD
LPSOLFDWHV LQLWLDO LQMXU\ SURFHVVHV ERWK DOORDQWLJHQGHSHQGHQW DQG DOORDQWLJHQLQGHSHQGHQW
DUH DVVRFLDWHGZLWK H[WHQVLYH QHSKURQ ORVV DV D VLJQLILFDQW GHWHUPLQDQW RI SURJUHVVLYH JUDIW
LQMXU\RI ODWH UHQDODOORJUDIW IDLOXUH7KHGHYHORSPHQWRISURJUHVVLYHJORPHUXORVFOHURVLVKDV
EHHQ H[SHFWHG WR UHLQIRUFH WKH VWLPXOXVLQGXFLQJ K\SHUILOWUDWLRQ DQG K\SHUWURSK\ LQ OHVV
DIIHFWHGQHSKURQVWKHUHE\HVWDEOLVKLQJDVHOIVXVWDLQLQJYLFLRXVF\FOH$]XPD+HWDO
,QFUHDVHGJORPHUXODUFDSLOODU\K\GUDXOLFSUHVVXUH 3*&.LQJPD,HWDO-XQDLG $HW
DO 0DFNHQ]LH +6 HW DO  DQG JORPHUXODU K\SHUWHQVLRQ -XQDLG $ HW DO 
0DFNHQ]LH +6 HW DO  KDYH EHHQ REVHUYHG LQ WKH ) /(: UDW PRGHO RI NLGQH\
WUDQVSODQWDWLRQVXJJHVWLQJ WKDW FKURQLFJORPHUXODU LQMXU\ LQ WKLVPRGHO LVGULYHQDW OHDVW LQ
SDUWE\JORPHUXODU KHPRG\QDPLF IDFWRUV(YLGHQFH VXSSRUWLQJ WKLVYLHZFDPHIURPVWXGLHV
VKRZLQJ WKDW UHVWRULQJ WRWDO UHFLSLHQW NLGQH\PDVV HVVHQWLDOO\ QRUPDOL]HG 3*&DQGPDUNHGO\UHGXFHG FKURQLF DOORJUDIW LQMXU\ 0DFNHQ]LH +6 HW DO  7KH UHQRSURWHFWLYH HIIHFWV RI
ORVDUWDQDVSHFLILFDQJLRWHQVLQ,,W\SH,UHFHSWRUDQWDJRQLVWKDYHEHHQSURYHQWREHDVVRFLDWHG
ZLWK ORZHUHG 3*& LQKLELWLRQ RI PDFURSKDJH FKHPRDWWUDFWDQWV DQG UHFUXLWPHQW DQG
VXSSUHVVLRQ RI PDFURSKDJHDVVRFLDWHG F\WRNLQHV DW  ZHHNV SRVWWUDQVSODQWDWLRQ 7KLV
VXJJHVWVWKDWFKURQLFUHQDODOORJUDIWLQMXU\LQ) /(:UDWVLVWRDODUJHH[WHQWPHGLDWHG
E\DQJLRWHQVLQ,,GHSHQGHQWPHFKDQLVPV=LDL)HWDO
2QJRLQJ DOORUHVSRQVLYHQHVV 7LVVXH GDPDJHPD\ H[SRVH DQWLJHQV WKDW DUH QRUPDOO\ QRW
DFFHVVLEOH RU UHFRJQL]HG E\ WKH LPPXQH V\VWHP DQG WKH SURLQIODPPDWRU\ PLOLHX RI D
GDPDJHGDQGLQIODPHGJUDIWPD\ WKXVHQKDQFH LPPXQHUHVSRQVHVDJDLQVWDYDULHW\RIVXFK
WLVVXHDQWLJHQV0DW]LQJHU3/RFDOLQMXU\DQGLQIODPPDWLRQHQKDQFHWKHSURGXFWLRQRI
FKHPRNLQHVDQGWKHH[SUHVVLRQRIFKHPRNLQHUHFHSWRUVDQG WKXVUHFUXLWDQWLJHQSUHVHQWLQJ
FHOOV LQFUHDVH 0+& H[SUHVVLRQ DQG HQKDQFH FRVWLPXODWLRQ WR IDYRU DFWLYH LPPXQH
UHVSRQVLYHQHVV $OORDQWLERGLHV DJDLQVW JUDIW JORPHUXODU DQG WXEXODU EDVHPHQW PHPEUDQH
DQWLJHQVDVZHOODVDXWRDQWLERGLHVDJDLQVWPHVDQJLDOIRFDODGKHVLRQSODTXHSURWHLQV3DXO/&
HWDOKDYHEHHQIRXQGLQDQLPDOVZLWKFKURQLFDOORJUDIWQHSKURSDWK\7KHVHDQWLERGLHV
DJDLQVWEDVHPHQWPHPEUDQHVFRXOGFDXVH IXQFWLRQDO LPSDLUPHQWDQGRU LQLWLDWHDQDQWLERG\
PHGLDWHG LQIODPPDWRU\ UHVSRQVH 6LPLODUO\ DQWLERGLHV DJDLQVW PHVDQJLDO FHOOV PD\ FDXVH
DSRSWRVLV RU FRPSOHPHQWGHSHQGHQW PHVDQJLRO\VLV RU WKH\ PD\ DFWLYDWH &E WR LQWHUDFW
ZLWKWKHFHOOPHPEUDQHDQGPHGLDWH LQIODPPDWLRQ3DXO/&HWDO)XUWKHUPRUH LW LV
FRQFHLYDEOH WKDW DQWLERGLHV WR IRFDO DGKHVLRQ SODTXHV LQWHUIHUH ZLWK WKH FHOOXODU VLJQDO
WUDQVGXFWLRQ FDVFDGH DV IRFDO DGKHVLRQ SODTXHV DUH VLWHV IRU LQWHJULQGHSHQGHQW FRQWURO RI D
YDULHW\RIVHFRQGPHVVHQJHUVPRGXODWHGE\WKHSURWHLQW\URVLQHNLQDVH33)$. +DQHGD0
HW DO  7\URVLQH SKRVSKRU\ODWLRQ DQG DFWLYDWLRQ RI 33)$. DUH DVVRFLDWHG ZLWK WKH
DFWLYDWLRQ RI D YDULHW\ RI JURZWK IDFWRUV DQG WKH ELQGLQJ RI DQWLERGLHV WR IRFDO DGKHVLRQ
FRPSOH[HVFRXOGGLVUXSW WKHQRUPDOEDODQFHEHWZHHQFHOOSUROLIHUDWLRQDQGPDWUL[ IRUPDWLRQ
E\ DFWLQJ HLWKHU DV DQ DFWLYDWLQJ OLJDQG RU VWDELOL]LQJ WKH OLJDQGUHFHSWRU LQWHUDFWLRQ 7KH
SDUDGLJPRIDQLPPXQHUHVSRQVHDJDLQVWQHZO\H[SRVHGGDPDJHGRUDFWLYDWHGJUDIWFHOOVDQG
VRPHRIWKHLUVHFUHWDU\SURGXFWVFRXOGH[SODLQWKHFOLQLFDOFRUUHODWLRQRIJUDIWLQMXU\DQG&$1

 $SRSWRVLV 7KH SK\VLFDO RU WKUHHGLPHQVLRQDO H[WUDFHOOXODU PDWUL[ VWUXFWXUHV WKDW
GHWHUPLQHDQGPDLQWDLQ WKHRUJDQL]DWLRQRIQRUPDO WLVVXHVPD\JHWGDPDJHGGXULQJYDULRXV
IRUPVRIRUJDQGDPDJH EXW LW FDQQRWEH UHSDLUHG E\ DQ\RI WKH FHOOV LQYROYHG LQ WKH WLVVXH
UHSDLU SURFHVVHV :KHUHDV D QXPEHU RI DQDWRPLF VWUXFWXUHV VXFK DV EORRG YHVVHOV FDQ
UHJHQHUDWH DIWHU H[WHQVLYH GDPDJH RWKHU VWUXFWXUHV DUH GHSHQGHQW RQ DQ LQWDFW H[WUDFHOOXODU
PDWUL[IUDPHZRUN7XEXODUHSLWKHOLDOFHOOVIRUH[DPSOHPXVWILQGDQLQWDFWWXEXODUEDVHPHQW
PHPEUDQHXSRQZKLFKWRDWWDFKWKHLULQWHJULQVWRSUROLIHUDWHDQGWRRUJDQL]HWKHLUSRODULW\WR
WKHWXEXODUOXPHQEXWLIWKH\GRQRWILQGWKLVVWUXFWXUHWKH\ZLOOXQGHUJRDSRSWRVLV)ULVFK60
HW DO  7KXV WKH GLVUXSWLRQ RI WKH H[WUDFHOOXODU PDWUL[ IUDPHZRUN PD\ UHVXOW LQ DQ
LQDELOLW\WRUHVWRUHRUPDLQWDLQWKHJUDIWSDUHQFK\PDODUFKLWHFWXUH
 &HOO VHQHVFHQFH 7KH HIIHFWV RI ERWK QRQLPPXQH DQG LPPXQH LQWHUDFWLRQ KDYH EHHQ
K\SRWKHVL]HG WR DFFHOHUDWH WKH SURFHVV RI VHQHVFHQFH LQ FHOOV WR KHDO DQG WR UHVROYH LQMXU\
+DOORUDQ3)HWDO/RVVRIWKHDELOLW\RINH\FHOOSRSXODWLRQVLQWUDQVSODQWHGRUJDQV#
LQFOXGLQJ YDVFXODU HQGRWKHOLDO FHOOV DQG UHQDO DQG EURQFKLDO HSLWKHOLDO FHOOV#WR SUROLIHUDWH
DQG UHSDLU LQMXU\ OHDGV WR IRFDO DWURSK\ ILEURVLV DQG GLPLQLVKHG UHVHUYH DQG IXQFWLRQ 7KH
DJLQJ NLGQH\ VKRZV DUWHULDO LQWLPDO WKLFNHQLQJ IRFDO WXEXODU DWURSK\ LQWHUVWLWLDO ILEURVLV
VFOHURVLVRIJORPHUXOLDQGSDWFK\LQILOWUDWLRQRIFKURQLFLQIODPPDWRU\FHOOV$OOWKHVHFKDQJHV
DUH FKDUDFWHULVWLFV RI &$1 (SVWHLQ 0  ,Q UHQDO DOORJUDIWV LQIODPPDWLRQ FDXVHG E\
XQUHVROYHG LQMXU\ RU UHMHFWLRQ LQGXFHV VWUHVV WKDW PD\ HYHQWXDOO\ H[KDXVW UHSDLU FDSDFLW\
+DOORUDQ3)HWDO,QIODPPDWLRQDQGILEURVLVDUHQRUPDOO\XQGHUFRQWURORIWKHKHDOLQJ
SURFHVVHV LQ D KHDOWK\ WLVVXH EXW VHQHVFHQW RU H[KDXVWHG FHOOVPD\ IDLO WR FRQWURO ILEURVLV
)LEURVLV DULVHV DFFRUGLQJ WR WKLV K\SRWKHVLV IURPDQ H[KDXVWLRQ RI JUDIW SDUHQFK\PDO FHOOV
DIWHUDPXOWLWXGHRIVWUHVVHV
0DFURSKDJHV F\WRNLQHVDQGJURZWKIDFWRUV:KHWKHU WKHHWLRORJLFDO IDFWRURU WUDXPD LV
DOORDQWLJHQLQGHSHQGHQWRUDOORDQWLJHQGHSHQGHQW LQRULJLQ DOOZLOOXOWLPDWHO\ UHVXOW LQ JUDIW

LQIODPPDWLRQ3URLQIODPPDWRU\F\WRNLQHVDQGSURILEURWLFJURZWKIDFWRUVDUHWKRXJKWWRSOD\D
PDMRU UROH LQ WKH SDWKRJHQHVLV RI FKURQLF UHQDO DOORJUDIW LQMXU\ 'LDPRQG -5 HW DO 
+DQFRFN :+ HW DO  1DGHDX .& HW DO  6HYHUDO DUH LQYROYHG LQ PDFURSKDJH
UHFUXLWPHQW RWKHUV DUH FKDUDFWHULVWLF SURGXFWV RI DFWLYDWHG PDFURSKDJHV EXW PD\ EH
V\QWKHVL]HGE\UHQDOFHOOVXQGHUFHUWDLQFLUFXPVWDQFHV 0DFURSKDJHVKDYHEHHQLPSOLFDWHGDV
LPSRUWDQW FRQWULEXWRUV WR JUDIW LQMXU\ ,QKLELWLRQ RI PDFURSKDJH IXQFWLRQ DPHOLRUDWHG JUDIW
LQMXU\ $]XPD + HW DO  ZKHUHDV LQWHUYHQWLRQV GHVLJQHG WR LQFUHDVH PDFURSKDJH
DFWLYDWLRQ H[DFHUEDWHG FKURQLF JUDIW LQMXU\ 1DJDQR + HW DO  7KH SUHVHQFH RI
PDFURSKDJHV LQ &$1 KDV DOVR EHHQ DVVRFLDWHG ZLWK WKH H[SUHVVLRQ RIPDFURSKDJHGHULYHG
F\WRNLQHV SDUWLFXODUO\ LQWHUOHXNLQ ,/  ,/ 71)  0&3 DQG JURZWK IDFWRUV
LQFOXGLQJ7*) DQG3'*)1DGHDX.&HWDO$]XPD+HWDO+HHPDQQ8:HW
DO$GKHVLRQPROHFXOHVDUHLPSRUWDQWLQWKHHYHQWVDVVRFLDWHGZLWKWKLVSURFHVVRUJDQV
WKDW PDLQWDLQ KLJK OHYHOV RI LQWHUFHOOXODU DGKHVLRQ PROHFXOHV ,&$0 IRU LQVWDQFH
LQHYLWDEO\ SURJUHVV WR&$1 0DWDV$-  ,/ 71)D DQG7*)  PD\ SDUWLFLSDWH LQ
ILEURVLV E\ SURGXFWLRQ RI PHVDQJLDO PDWUL[ DQG H[WUDFHOOXODU PDWUL[ DQG SURGXFWLRQ RI
LQWHUVWLWLDOILEURVLVE\DFWLQJRQILEUREODVWV+LUDQR7HWDO%UXLMQ-$HWDO7KH
EHVWZD\ WR SUHYHQW &$1PD\ EH WR UHJXODWH WKH DOORJUDIWV ORFDO SURGXFWLRQ RI F\WRNLQHV
JURZWKIDFWRUVDQGHLFRVDQRLGV
 $JHDQGUHQDOWUDQVSODQWDWLRQ
7KH LQFUHDVLQJ QXPEHU RI SDWLHQWV DZDLWLQJ NLGQH\ WUDQVSODQWDWLRQ LQ DVVRFLDWLRQ ZLWK WKH
ZRUOGZLGH GRQRU VKRUWDJH KDV OHG WR D PRUH H[WHQVLYH XWLOL]DWLRQ RI VXERSWLPDO GRQRUV
VSHFLILFDOO\YHU\\RXQJDQGYHU\ROGRQHV0RUHRYHUWKHUHODWLYHSURSRUWLRQRIHOGHUO\DPRQJ
NLGQH\ UHFLSLHQWV KDV VKDUSO\ LQFUHDVHG 7KHUHIRUH WKH LQIOXHQFH RI DJH RQ UHQDO

WUDQVSODQWDWLRQERWKGRQRUDQGUHFLSLHQWKDVJDLQHGPRUHDQGPRUHDWWHQWLRQ
$JHLVFRQVLGHUHGDVDQDOORDQWLJHQLQGHSHQGHQWULVNIDFWRULQNLGQH\WUDQVSODQWDWLRQ%UHQQHU
%0 HWDO:DLVHU- HWDO'RQRUDJHPD\DIIHFWDOORJUDIWIXQFWLRQDWOHDVWLQWZR
ZD\V2Q WKHRQHKDQG QHSKURQ GRVHGHFUHDVHVZLWKDGYDQFLQJ DJH .DSODQ&HW DO 
.DSSHO % HW DO  *MHUWVRQ ':  RQ WKH RWKHU KDQG D SHGLDWULF NLGQH\ LV
XQDFFXVWRPHGWRWKHZRUNORDGGHPDQGHGE\DQDGXOWUHFLSLHQW+DUPRQ:(HWDO<XJH
-HWDO2SHO] *+D\HV-0HWDO,QWKHVHVLWXDWLRQV LWKDVEHHQSURSRVHG
WKDW WKH UHGXFHG IXQFWLRQDO WUDQVSODQWHG UHQDO PDVV PD\ OHDG WR D K\SHUILOWUDWLRQLQGXFHG
JORPHUXODU LQMXU\ DQG DQ LQIHULRU ORQJWHUPRXWFRPH)XUWKHUPRUH UHFLSLHQW DJHPD\EH RI
LPSRUWDQFH <RXQJ DJH LV EHOLHYHG WR EH DVVRFLDWHG ZLWK KLJKHU 6FRUQLN -& HW DO 
(WWHQJHU5%DGYDQFHGDJHZLWKDWWHQXDWHGLPPXQHUHVSRQVLYHQHVV7DNHPRWR6HWDO

 +\SRWKHVLV
,WLVGLIILFXOWWRHYDOXDWHWKHLQIOXHQFHRIGRQRUDQGUHFLSLHQWDJHLQFOLQLFDOVHWWLQJVDVDODUJH
QXPEHURIRWKHUIDFWRUVLQIOXHQFHVDOORJUDIWRXWFRPH&OLQLFDOVXUYH\VGLIIHULQWKHQXPEHURI
SDWLHQWV VWXGLHG LQFOXVLRQ FULWHULD DV ZHOO DV WKH OHQJWK RI IROORZXS ,Q DGGLWLRQ VHYHUDO
FHQWHUV WHQG WR WUDQVSODQW ROGHU NLGQH\V LQWR ROGHU UHFLSLHQWV DFFRUGLQJ WR DQ DJHPDWFKLQJ
SROLF\7KHUHIRUHGRQRU DQG UHFLSLHQWUHODWHGGLIIHUHQFHVFDQQRWEH LQYHVWLJDWHG VHSDUDWHO\
7KH LQIHULRU UHVXOWV WKDW ZHUH REVHUYHG ZLWK YHU\ \RXQJ GRQRUV PD\ EH GXH WR VXUJLFDO
SUREOHPVGXULQJWUDQVSODQWDWLRQ%HQHGHWWL(HWDO7KXVLWLVQRWVXUSULVLQJWKDWVRPH
VWXGLHV FRQFOXGH WKDW LQFUHDVHG GRQRU DJH LV DVVRFLDWHG ZLWK D UHGXFHG DOORJUDIW VXUYLYDO
7DNHPRWR6HWDO<XJH-HWDOZKLOHRWKHUVQRWHGQRGLIIHUHQFHV6XPUDQL1HW

DO)DXFKDOG3HWDO=KRX<&HWDO:KHWKHURUQRWUHFLSLHQWDJHKDVDQ
LPSDFWRQORQJWHUPRXWFRPHLVHYHQPRUHFRQWURYHUVLDO+HVWLQ'HWDO%XQFKPDQ7(
HWDO*RXUOD\:HWDO
2XU SUHVHQW VWXG\ZDV GHVLJQHG WR GHWHUPLQH WKH HIIHFWV RI GRQRU DQG UHFLSLHQW DJH RQ WKH
GHYHORSPHQWRIFKURQLFUHQDODOORJUDIWUHMHFWLRQLQWKHDEVHQFHRIRWKHUULVNIDFWRUV7KHUHIRUH
ZH KDYH WUDQVSODQWHG NLGQH\V IURP \RXQJ DGXOW DQG ROG GRQRUV LQWR \RXQJ DGXOW DQG ROG
UHFLSLHQWV DQG HYDOXDWHG IXQFWLRQDO DQG PRUSKRORJLFDO FKDQJHV W\SLFDOO\ DVVRFLDWHG ZLWK
FKURQLFDOO\UHMHFWLQJUHQDODOORJUDIWV

 0DWHULDOVDQG0HWKRGV
 $QLPDOV
,QEUHGPDOH UDWV &KDUOHV 5LYHU *HUPDQ\ ZHUH XVHG WKURXJKRXW WKH H[SHULPHQWV /HZLV UDWV
/(:57DFWHGDVJUDIWUHFLSLHQWVDQG)LVKHU)57OYOUDWVDVGRQRUV$QLPDOVZHUHNHSW
XQGHU VWDQGDUG FRQGLWLRQV DQGZHUH IHG UDW FKRZ DQGZDWHU DG OLELWXP $OO H[SHULPHQWV ZHUH
DSSURYHGE\WKHORFDO$QLPDO&DUHDQG5HVHDUFK&RPPLWWHH
 .LGQH\WUDQVSODQWDWLRQ
7KH OHIW GRQRU NLGQH\ ZDV LVRODWHG FRROHG DQG SRVLWLRQHG RUWKRWRSLFDOO\ LQWR KRVW ZKRVH OHIW
UHQDO YHVVHOV KDG EHHQ GLVVHFWHG IUHH FODPSHG DQG WKH QDWLYH NLGQH\ UHPRYHG 'RQRU DQG
UHFLSLHQWDUWHU\YHLQDQGXUHWHUZHUHWKHQDQDVWRPRVHGHQGWRHQGZLWKSUROHQHVXWXUHV1R
XUHWHUDO VWHQW ZDV XVHG 7KH LVFKHPLF WLPH UDQJHG IURP  WR  PLQXWHV $OO DQLPDOV ZHUH
WUHDWHGZLWKORZGRVH&\FORVSRULQ$PJNJGD\ÕGD\VWRVXSSUHVVDQLQLWLDOHSLVRGHRI
DFXWHUHMHFWLRQ7KHFRQWUDODWHUDOQDWLYHNLGQH\ZDVUHPRYHGRQWKHWKSRVWRSHUDWLYHGD\5DWV
ZLWKDQ\RYHUWVLJQRIXQVXFFHVVIXORSHUDWLRQZHUHGLVFDUGHGIURPWKHH[SHULPHQW
 ([SHULPHQWDOJURXSV
$QLPDOVZHUHGHILQHGDV\RXQJ<DGXOW$DQGROG2EDVHGRQWKHLUDJHDWWUDQVSODQWDWLRQ
ZKLFKZHUH<$DQG2ZHHNVUHVSHFWLYHO\$QLPDOVZHUHDVVLJQHGWRWKHIROORZLQJ
H[SHULPHQWDOJURXSVQ JURXSDFFRUGLQJWRWKHDJHRIWKHGRQRUDQGUHFLSLHQW\RXQJGRQRU

\RXQJUHFLSLHQW<o<\RXQJGRQRUDGXOWUHFLSLHQW<o$\RXQJGRQRUROGUHFLSLHQW<o2
DGXOW GRQRU \RXQJ UHFLSLHQW $o< DGXOW GRQRU DGXOW UHFLSLHQW $o$ DGXOW GRQRU ROG
UHFLSLHQW $o2 ROG GRQRU \RXQJ UHFLSLHQW 2o< ROG GRQRU DGXOW UHFLSLHQW 2o$ ROG
GRQRUROGUHFLSLHQW2o2
 )XQFWLRQDO0HDVXUHPHQWV
(YHU\ IRXUZHHNVERG\ZHLJKWZDVPHDVXUHG DQGKRXUXULQH VDPSOHVZHUH FROOHFWHGXVLQJ
PHWDEROLF FDJHV ZLWK D XULQHFRROLQJ V\VWHP 4XDQWLWDWLYH XULQH SURWHLQ ZDV GHWHUPLQHG
QHSKHORPHWULFDOO\ %RHKULQJHU 0DQQKHLP *HUPDQ\ 6HUXP DQG XULQH FUHDWLQLQH OHYHOV ZHUH
PHDVXUHGDQGFUHDWLQLQHFOHDUDQFHZDVFDOFXODWHGDWWKHHQGRIWKHVWXG\
 +DUYHVWLQJ
$IWHU  ZHHNV UDWV ZHUH DQDHVWKHWL]HG ZLWK GLHWK\OHWKHU DQG LQWUDDRUWLF EORRG SUHVVXUH ZDV
PHDVXUHG6LUHFXVW6LHPHQV*HUPDQ\7KHUHDIWHUDQLPDOVZHUHEOHGDQGWKHWUDQVSODQWHG
NLGQH\ ZDV UHPRYHG +HPDWRFULW ZDV GHWHUPLQHG XVLQJ FDSLOODU\ PLFURFHQWULIXJDWLRQ
5HSUHVHQWDWLYHSRUWLRQVRI WKHNLGQH\VZHUHVQDSIUR]HQ LQ OLTXLGQLWURJHQDQGVWRUHGDW¤&
IRU LPPXQRKLVWRORJLFDO DQG 3&5 DQDO\VLV RU IL[HG LQ EXIIHUHG IRUPDOLQ  IRU KLVWRORJLFDO
HYDOXDWLRQ
 +LVWRORJ\
)RU KLVWRORJ\ NLGQH\ WLVVXHVZHUH IL[HG LQ  EXIIHUHG IRUPDOLQ HPEHGGHG LQ SDUDIILQ DQG
VWDLQHGZLWK KHPDWR[\OLQHRVLQ WR HYDOXDWH LQIODPPDWRU\ LQILOWUDWHV DVZHOO DV WXEXORLQWHUVWLWLDO

ILEURVLVDQG WXEXODUDWURSK\3HULRGLFDFLG6FKLII 3$6UHDFWLRQZDVSHUIRUPHG WRHYDOXDWH WKH
H[WHQW RI JORPHUXORVFOHURVLV DQG JUDIW YDVFXORSDWK\ *ORPHUXORVFOHURVLV ZDV GHILQHG DV D
FROODSVH RI FDSLOODULHV DGKHVLRQ RI WKH REVROHVFHQW VHJPHQW RI %RZPDQ©V FDSVXOH DQG WKH
HQWUDSPHQWRIK\DOLQHLQWKHPHVDQJLXP5HQQNH+*HWDO$WOHDVWJORPHUXOLZHUH
FRXQWHGSHUNLGQH\VHFWLRQDQGWKHSURSRUWLRQRIVFOHURVHGWRWRWDOJORPHUXOLZDVH[SUHVVHGDVD
SHUFHQWDJH *ORPHUXORSDWK\ WXEXODU DWURSK\ LQWHUVWLWLDO ILEURVLV DQG YDVFXODU LQWLPDO
SUROLIHUDWLRQZHUHTXDQWLILHGDFFRUGLQJWRWKH%DQIIFODVVLILFDWLRQ&KRPF]\QVNL3HWDO
DQGVFRUHGIURPWRWRSURGXFHQXPHULFDOFRGLQJ¤ RINLGQH\GDPDJH
 $QWLERGLHVDQGLPPXQRKLVWRORJ\
0RQRFORQDO DQWLERGLHV DJDLQVW PDFURSKDJHV (' &' 7O\PSKRF\WHV 2; ZHUH
SXUFKDVHG IURP 6HURWHF &DPRQ /DERU6HUYLFH *PE+ :LHVEDGHQ *HUPDQ\ 7KH VHFRQGDU\
UDEELW DQWLPRXVH DQWLERG\ DQG WKH DONDOLQH SKRVSKDWDVH DQWLDONDOLQH SKRVSKDWDVH $3$$3
FRPSOH[ZHUHREWDLQHGIURP'DNR$6+DPEXUJ*HUPDQ\
5HSUHVHQWDWLYHSRUWLRQVRINLGQH\JUDIWVZHUHVQDSIUR]HQLQOLTXLGQLWURJHQFXWZLWKDFU\RVWDW
PP IL[HG LQDFHWRQHDW& IRUPLQDLUGULHG DQGVWDLQHGZLWK WKH UHVSHFWLYH DQWLERGLHV
$IWHU LQFXEDWLRQZLWK WKHSULPDU\DQWLERG\ WKHVHFWLRQVZHUH LQFXEDWHGZLWK UDEELWDQWLPRXVH
,J* DQG ZLWK WKH $3$$3 FRPSOH[ 3RVLWLYH FHOO FRXQWV IRU PDFURSKDJHV  (' DQG 7
O\PSKRF\WHV 2; ZHUH H[SUHVVHG DV D PHDQ r 6(0 RI FHOOVILHOG RI YLHZ F)9 !
)9VHFWLRQVSHFLPHQZHUHHYDOXDWHGDW[PDJQLILFDWLRQ
 5HYHUVHWUDQVFULSWDVHSRO\PHUDVHFKDLQUHDFWLRQ
7RWDO51$LVRODWLRQ

7RWDO51$ZDVH[WUDFWHGDQGXVHGIRUUHYHUVHWUDQVFULSWDVHSRO\PHUDVHFKDLQUHDFWLRQ573&5
.LGQH\WLVVXHZDVVWRUHGLQPORIFROGO\VLVVROXWLRQFRQWDLQLQJ0JXDQLGLQHLVRWKLRF\DQDWH
6LJPDP0VRGLXPFLWUDWHS+0EPHUFDSWRHWKDQROVDUFRV\ODQGIUR]HQLQ
OLTXLGQLWURJHQ7RWDO51$ZDVH[WUDFWHGIURPWKHNLGQH\VDFFRUGLQJWRWKHPRGLILHGJXDQLGLQH
LVRWKLRF\DQDWH SUHSDUDWLRQ  %ULHIO\ IUR]HQ WLVVXHV ZHUH PL[HG ZLWK  PO *,7& EXIIHU
PROO JXDQLGLQH LVRWKLRF\DQDWH 6LJPD DQG DFLG SKHQROFKORURIRUP S+  5RWK DQG
KRPRJHQL]HG7KHVDPSOHVZHUHFHQWULIXJHGDWJIRUPLQDW&7KHVXSHUQDWDQWZDV
DGGHGWRDQHTXDOYROXPHRILVRSURSDQROIROORZHGE\FHQWULIXJDWLRQ7KH51$ZDVSXULILHGZLWK
WKH5QHDV\ 7RWDO51$ ,VRODWLRQV.LW 4LDJHQ*PE++LOGHQ*HUPDQ\ DQG VWRUHG DW &
XQWLOIXUWKHUSURFHVVLQJ7KH51$FRQFHQWUDWLRQZDVPHDVXUHGVSHFWURSKRWRPHWULFDOO\
5HYHUVHWUDQVFULSWLRQ
51$ZDV DPSOLILHG E\ UHYHUVH WUDQVFULSWLRQ 57ZLWK DQ 2OLJR G7 SULPHU *LEFR%5/.DUOVUXKH *HUPDQ\ PJ RI WRWDO 51$ZDV DGGHG WR PJ RI SULPHU $ UHDFWLRQ PL[WXUH
FRQWDLQLQJ EXIIHU VROXWLRQ 75,6 K\GURFKORULGH EXIIHU LQ D FRQFHQWUDWLRQ  P0O >S+ @
SRWDVVLXPFKORULGHLQDFRQFHQWUDWLRQRIP0OPDJQHVLXPGLFKORULGHLQDFRQFHQWUDWLRQRI
P0O GLWKLRWUHLWRO LQ D FRQFHQWUDWLRQRI P0O*LEFR%5/.DUOVUXKH*HUPDQ\ DGHQRVLQH
WULSKRVSKDWHWK\PLGLQH WULSKRVSKDWHJXDQRVLQH WULSKRVSKDWHDQGF\WRVLQHWULSKRVSKDWH HDFKLQD
FRQFHQWUDWLRQRIP0O GHR[\QXFOHRVLGH WULSKRVSKDWHV IURP%RHKULQJHU 0DQQKHLP*PE+
0DQQKHLP*HUPDQ\ PO RI 8PO RI UHFRPELQDQW ULERQXFOHDVH LQKLELWRU 3URPHJD DQG
PO RI 8PO00/9 UHYHUVH WUDQVFULSWDVH *LEFR%5/ .DUOVUXKH *HUPDQ\ ZDV DGGHG
DQGWKHILUVWFKDLQUHDFWLRQDOORZHGWRSURFHHG&K7KHUHDFWLRQZDVKDOWHGE\KHDWLQJWR
&IRUPLQXWHVIROORZHGE\FRROLQJRQLFH
$PSOLILFDWLRQRIVSHFLILFFRPSOHPHQWDU\'1$F'1$
6SHFLILF F'1$ SURGXFWV FRUUHVSRQGLQJ WRP51$ IRU 7*)E $QGR 7 HW DO  3'*)$

FKDLQ)HQJ/HWDO3'*)%/HPVWURP.%HWDODFWLQ6LHJOLQJ$HWDO
ZHUHDPSOLILHGXVLQJWKHSRO\PHUDVHFKDLQ UHDFWLRQPO IURP57UHDFWLRQZDVWDNHQIRU3&5
ZKLFK ZDV SHUIRUPHG LQ 3&5 EXIIHU P0O 75,6 K\GURFKORULGH S+   P0O
1+62ZY7ZHHQP0OPDJQHVLXPGLFKORULGH'LDQRYD+DPEXUJ*HUPDQ\XVLQJP0ORIHDFKGHR[\QXFOHRVLGHWULSKRVSKDWHVP0ORIERWKSULPHUV(XURJHQWHF.|OQ
*HUPDQ\DQG8WKHUPXV$TXDWLFXV7DT'1$SRO\PHUDVH'LDQRYD+DPEXUJ*HUPDQ\
$3HUNLQ(OPHU7KHUPDO&\FOHU 0RGHO3HUNLQ(OPHU1RUZDON&786$ZDVXVHG IRU
DPSOLILFDWLRQ ZLWK WKH IROORZLQJ VHTXHQFH SURILOH LQLWLDO GHQDWXUDWLRQ DW & IRU  PLQXWHV
IROORZHGE\F\FOHVRIWKUHHWHPSHUDWXUH3&5GHQDWXULQJ&IRUVHFRQGVDQQHDOLQJ
&IRUVHFRQGVDQGH[WHQVLRQ&IRUVHFRQGVHQGLQJZLWKDILQDOH[WHQVLRQDW&
IRUVHYHQPLQXWHVDQGFRROLQJWR&
*HOHOHFWURSKRUHVLV
7KHDPSOLILHG3&5SURGXFWZDVLGHQWLILHGE\HOHFWURSKRUHVLVRIP/VDPSOHDOLTXRWVRQ
DJDURVHJHOVWDLQHGZLWKPJPORIHWKLGLXPEURPLGH7KHVDPSOHSURGXFWVZHUHYLVXDOL]HGE\
89WUDQVLOOXPLQDWLRQDQGWKHJHOZDVSKRWRJUDSKHG6SHFLILFSURGXFWVZHUHLGHQWLILHGE\VL]HLQ
UHODWLRQ WR D NQRZQ .E ROLJRQXFOHRWLGH'1$ ODGGHU *LEFR%5/.DUOVUXKH*HUPDQ\ UXQ
ZLWK HDFK JHO&\WRNLQH F'1$ZDV VHPLTXDQWLWDWHG E\ GHQVLWRPHWULF FRPSDULVRQZLWK DFWLQ
LQWHUQDO FRQWURO IURP WKH VDPH VDPSOH DIWHU WKH SRVLWLYH LPDJH ZDV GLJLWL]HG E\ YLGHR IRU
FRPSXWHUL]HGGHQVLWRPHWU\7KHUHVXOWVDUHJLYHQDVWKHUDWLRRILQWHQVLW\RIJURZWKIDFWRUVWR
DFWLQP51$r 6(0
 6WDWLVWLFDO DQDO\VLV
7KH HIIHFWV RI GRQRU DQG UHFLSLHQW DJH ZHUH DQDO\VHG E\ 0$129$ DQG OLQHDU FRUUHODWLRQ
DQDO\VLV 3DUDPHWULF GDWD ZHUH FRPSDUHG XVLQJ $129$ DV DSSURSULDWH 1RQSDUDPHWULF

GLVWULEXWLRQYDOXHVZHUH DQDO\VHG E\0DQQ:KLWQH\ WHVW6WDWLVWLFDO GLIIHUHQFHZDV DFFHSWHG DW
S

 5HVXOWV
 $QLPDOV
$W WKH EHJLQQLQJ RI WKH VWXG\ ERG\ ZHLJKWV RI UHFLSLHQWV FRQVLGHUDEO\ GLIIHUHG EHWZHHQ WKH
JURXSV+RZHYHUE\ZHHNVERG\ZHLJKWVKDGLQFUHDVHGWR WKHVDPHOHYHO LQDOOJURXSV$V
H[SHFWHG GRQRU NLGQH\ ZHLJKW KLJKO\ FRUUHODWHG ZLWK GRQRU ERG\ ZHLJKW DW WKH WLPH RI
WUDQVSODQWDWLRQ %\ FRQWUDVW NLGQH\ ZHLJKW GLG QRW GLIIHU DPRQJ WKH JURXSV DW WKH WLPH RI
KDUYHVWLQJ)LJ7DE
$W WKH WLPH RI WUDQVSODQWDWLRQ GRQRU NLGQH\ ZHLJKWUHFLSLHQW ERG\ ZHLJKW .:%: UDWLR LQ
\RXQJUHFLSLHQWVZDVFRQVLGHUDEO\KLJKHUDVFRPSDUHGWRDGXOWDQGROGUHFLSLHQWVLUUHVSHFWLYHRI
ZKHWKHU\RXQJUHFLSLHQWVUHFHLYHGDJUDIWIURP\RXQJDGXOWRUROGGRQRUV0RUHRYHUWKHUHZDVD
WUHQGWRZDUGVKLJKHU.:%:UDWLRVLQJURXSV$o$DGXOWUHFLSLHQWVZLWKDQDGXOWNLGQH\JUDIW
$o2ROGUHFLSLHQWVZLWKDQDGXOWNLGQH\JUDIW2o$DGXOWUHFLSLHQWVZLWKDQROGNLGQH\JUDIW
DQG2o2ROGUHFLSLHQWVZLWKDQROGNLGQH\JUDIWDVFRPSDUHGWRJURXSV<o$DGXOWUHFLSLHQWV
ZLWKDQ\RXQJNLGQH\JUDIWDQG<o2ROGUHFLSLHQWVZLWKD\RXQJNLGQH\JUDIW$JDLQDWWKH
HQGRIWKHIROORZXSSHULRG.:%:UDWLRGLGQRWGLIIHUEHWZHHQWKHJURXSV)LJ7DE

)LJXUH
&KDQJHVLQUHFLSLHQWERG\ZHLJKWDWWKHWLPHRIWUDQVSODQWDWLRQEODQNFROXPQDQGE\KDUYHVWLQJ
EODFNFROXPQ'DWDDUHPHDQr6(0
$EEUHYLDWLRQV<< \RXQJ GRQRU WR \RXQJ UHFLSLHQW<$ \RXQJ GRQRU WR DGXOW UHFLSLHQW<2
\RXQJ GRQRU WR ROG UHFLSLHQW $< DGXOW GRQRU WR \RXQJ UHFLSLHQW $$ DGXOW GRQRU WR DGXOW
UHFLSLHQW$2DGXOWGRQRUWRROGUHFLSLHQW2<ROGGRQRUWR\RXQJUHFLSLHQW2$ROGGRQRUWR
DGXOWUHFLSLHQW22ROGGRQRUWRROGUHFLSLHQW7[WUDQVSODQWDWLRQ
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)LJXUH
&KDQJHVLQGRQRUNLGQH\ZHLJKWDWWKHWLPHRIWUDQVSODQWDWLRQGRQRUULJKWNLGQH\EODQNFROXPQ
DQGE\KDUYHVWLQJJUDIWEODFNFROXPQ'DWDDUHPHDQr6(0
$EEUHYLDWLRQV<< \RXQJ GRQRU WR \RXQJ UHFLSLHQW<$ \RXQJ GRQRU WR DGXOW UHFLSLHQW<2
\RXQJ GRQRU WR ROG UHFLSLHQW $< DGXOW GRQRU WR \RXQJ UHFLSLHQW $$ DGXOW GRQRU WR DGXOW
UHFLSLHQW$2DGXOWGRQRUWRROGUHFLSLHQW2<ROGGRQRUWR\RXQJUHFLSLHQW2$ROGGRQRUWR
DGXOWUHFLSLHQW22ROGGRQRUWRROGUHFLSLHQW7[WUDQVSODQWDWLRQ
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)LJXUH
&KDQJHV LQ NLGQH\ZHLJKWERG\ZHLJKW UDWLR DW WKH WLPH RI WUDQVSODQWDWLRQ GRQRU ULJKW NLGQH\
ZHLJKWUHFLSLHQW ERG\ ZHLJKW EODQN FROXPQ DQG E\ KDUYHVWLQJ JUDIW ZHLJKWUHFLSLHQW ERG\
ZHLJKWEODFNFROXPQ'DWDDUHPHDQr6(0
$EEUHYLDWLRQV<< \RXQJ GRQRU WR \RXQJ UHFLSLHQW<$ \RXQJ GRQRU WR DGXOW UHFLSLHQW<2
\RXQJ GRQRU WR ROG UHFLSLHQW $< DGXOW GRQRU WR \RXQJ UHFLSLHQW $$ DGXOW GRQRU WR DGXOW
UHFLSLHQW$2DGXOWGRQRUWRROGUHFLSLHQW2<ROGGRQRUWR\RXQJUHFLSLHQW2$ROGGRQRUWR
DGXOWUHFLSLHQW22ROGGRQRUWRROGUHFLSLHQW7[WUDQVSODQWDWLRQ
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7DEOH.LGQH\ZHLJKWVDQGERG\ZHLJKWV
*URXS 1 'RQRU ERG\
ZHLJKW
J
'RQRU  U LJKW
NLGQH\ZHLJKW
PJ
5HFLS LHQW  ERG\
ZHLJKW D W 7[
J
.LGQH\ZHLJKW  
ERG\ZHLJKW
DW 7[
*UDI W ZH LJKW
DW KDUYHVW LQJ
PJ
5HFLS LHQW  ERG\
ZHLJKW  D W
KDUYHVW LQJJ
.LGQH\ZHLJKW 
ERG\ZHLJKW
DW KDUYHVW LQJ
<o<   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'RQRU ERG\ZHLJKW   GRQRU  U LJKW  NLGQH\ZHLJKW   UHFLS LHQW ERG\ZHLJKW  D W 7[DQG NLGQH\ZHLJKW ERG\ZHLJKW  UD W LR  D W 7[ ZHUH  GHWHUPLQHG  DWWKH  W LPH  R I W UDQVSODQWD W LRQ  JUD I W  ZH LJKW   U HF LS LHQW  ERG\ZHLJKW   DQG N LGQH\ZHLJKW ERG\ZHLJKW  D W  KDUYHV W LQJ ZHUH GH WHUPLQHG DW    ZHHNVDI WHU  W UDQVS ODQWDW LRQ $EEUHYLDW LRQV  <o< \RXQJ GRQRU  WR  \RXQJ UHF LS LHQW   <o$ \RXQJ GRQRU  WR  DGXOW  UHF LS LHQW   <o2 \RXQJ GRQRU  WRROG  UHF LS LHQW   $o< DGXO W  GRQRU  WR  \RXQJ UHFLS LHQW   $o$  DGXOW  GRQRU  WR  DGXO W  UHF LS LHQW   $o2 DGXO W  GRQRU  WR  R OG  UHF LS LHQW   2o< ROGGRQRU  WR  \RXQJ UHFLS LHQW   2o$ ROG  GRQRU  WR  DGXO W  UHFLS LHQW   2o2 R OG  GRQRU  WR  R OG  UHF LS LHQW  7[  W U DQVSODQWD W LRQ  5HVXO W V  DUH  J LYHQ DVPHDQr 6(0
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 )XQFWLRQDOSDUDPHWHUV
'RQRUDQGUHFLSLHQWDJHGLGQRWVLJQLILFDQWO\DIIHFWPHDQDUWHULDOEORRGSUHVVXUHDQGKHPDWRFULW
+RZHYHU D FRUUHODWLRQ ZDV REVHUYHG EHWZHHQ UHFLSLHQW ERG\ ZHLJKW DW WUDQVSODQWDWLRQ DQG
FUHDWLQLQHFOHDUDQFHU S 1RVLJQLILFDQWFRUUHODWLRQZDVIRXQGEHWZHHQFUHDWLQLQH
FOHDUDQFHDQGGRQRUNLGQH\ZHLJKWRU.:%:UDWLRDWWKHWLPHRIWUDQVSODQWDWLRQ7KHUHZDVD
VLJQLILFDQWLQFUHDVHLQSURWHLQXULDDQGGHFUHDVHLQFUHDWLQLQHFOHDUDQFHLQ<o2ROGUHFLSLHQWVRI
D\RXQJNLGQH\JUDIWDVFRPSDUHGWR<o<\RXQJUHFLSLHQWVRID\RXQJNLGQH\JUDIW)LJ
7KHUHZDVDWUHQGWRZDUGVLQFUHDVHGSURWHLQXULDDQGGHFUHDVHGFUHDWLQLQHFOHDUDQFHLQ<o2DV
ZHOO DV UHFLSLHQW JURXSV RI WKH VDPH DJH $o2 2o2 EXW WKH GLIIHUHQFHV GLG QRW UHDFK
VWDWLVWLFDO VLJQLILFDQFH ,QWHUHVWLQJO\ WKH JURXS<o<GHYHORSHG WKH ORZHVW SURWHLQXULD DQG WKH
KLJKHVWFUHDWLQLQHFOHDUDQFHDVFRPSDUHGWRWKHRWKHUJURXSV7DE
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)LJXUH
KRXU XULQDU\ SURWHLQ H[FUHWLRQ  ZHHNV DIWHU NLGQH\ WUDQVSODQWDWLRQ LQ \RXQJ DGXOW ROG
UHFLSLHQWV RI JUDIW IURP \RXQJ GRQRU 'DWD DUH JLYHQ DV PHDQ r 6(0  S YV \RXQJ
UHFLSLHQWVZLWKDNLGQH\JUDIWIURP\RXQJGRQRU<<
$EEUHYLDWLRQV<< \RXQJ GRQRU WR \RXQJ UHFLSLHQW<$ \RXQJ GRQRU WR DGXOW UHFLSLHQW<2
\RXQJGRQRUWRROGUHFLSLHQW
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&UHDWLQLQH FOHDUDQFHZHHNVDIWHUNLGQH\WUDQVSODQWDWLRQLQ\RXQJDGXOWROGUHFLSLHQWVRIJUDIW
IURP\RXQJGRQRU'DWD DUH JLYHQ DVPHDQr 6(0 SYV ROG UHFLSLHQWVZLWK DNLGQH\
JUDIWIURP\RXQJGRQRU<2
$EEUHYLDWLRQV<< \RXQJ GRQRU WR \RXQJ UHFLSLHQW<$ \RXQJ GRQRU WR DGXOW UHFLSLHQW<2
\RXQJGRQRUWRROGUHFLSLHQW
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*URXS 1 3URWHLQXULD
PJGD\
&UHDWLQLQHFOHDUDQFH
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0HDQDUWHULDO EORRGSUHVVXUH
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\RXQJGRQRUWR\RXQJUHFLSLHQW<o$\RXQJGRQRUWRDGXOWUHFLSLHQW<o2\RXQJGRQRUWRROGUHFLSLHQW$o<DGXOW
GRQRUWR\RXQJUHFLSLHQW$o$DGXOWGRQRUWRDGXOWUHFLSLHQW$o2DGXOWGRQRUWRROGUHFLSLHQW2o<ROGGRQRUWR\RXQJUHFLSLHQW2o$
ROGGRQRUWRDGXOWUHFLSLHQW2o2ROGGRQRUWRROGUHFLSLHQWEZERG\ZHLJKW5HVXOWVDUHJLYHQDVPHDQr 6(0

 +LVWRORJ\
$W WKH HQG RI WKH IROORZXS KLVWRORJLFDO HYDOXDWLRQ UHYHDOHG JORPHUXORVFOHURVLV WXEXODU
DWURSK\ LQWHUVWLWLDOILEURVLV LQIODPPDWRU\FHOOXODU LQILOWUDWLRQDQGLQWLPDO WKLFNHQLQJRIJUDIW
DUWHULHVLQDOOJURXSV7KHVHYHULW\RIJORPHUXORVFOHURVLVWHQGHGWRLQFUHDVHZLWKUHFLSLHQWDJH
GLVUHJDUGLQJ GRQRU DJH ,Q DQLPDOV ZLWK D NLGQH\ DOORJUDIW GHULYHG IURP DQ ROG GRQRU
UHFLSLHQW DJH GHWHUPLQHG DOORJUDIW RXWFRPH 3DUWLFXODUO\ WKH JORPHUXORVFOHURVLV LQGH[ ZDV
VLJQLILFDQWO\KLJKHULQROGDQGDGXOWUHFLSLHQWV2o22o$WKDQLQ\RXQJUHFLSLHQWV2o<
)LJ7KHSURIRXQGJORPHUXODULQMXU\LQWKHVHDQLPDOVZDVDFFRPSDQLHGE\DVLJQLILFDQWO\
KLJKHU GHJUHH RI LQWHUVWLWLDO ILEURVLV DQG D PRGHUDWH WXEXODU DWURSK\ REVHUYHG LQ
DSSUR[LPDWHO\RIWKHFRUWLFDOWXEXOL,QDGGLWLRQWKHOXPLQDOREOLWHUDWLRQRIJUDIWDUWHULHV
DSSUR[LPDWHO\ ZDVPRUH REYLRXV LQ WKHVH DOORJUDIWV:H QRWHG VLPLODU HIIHFWV RI WKH
UHFLSLHQWDJHRQWKHRYHUDOOSLFWXUHRIFKURQLFUHMHFWLRQLQDQLPDOVWKDWKDGUHFHLYHGDJUDIWRI
DQ DGXOW GRQRU ZLWK PLOG LQWHUVWLWLDO ILEURVLV PLOG WXEXODU DWURSK\ DQG PLOG WR PRGHUDWH
LQWLPDO WKLFNHQLQJ +RZHYHU WKHVH GLIIHUHQFHV GLG QRW UHDFK VWDWLVWLFDO VLJQLILFDQFH
$FFRUGLQJO\LQDQLPDOVWKDWUHFHLYHGDNLGQH\RID\RXQJGRQRUWKHSHUFHQWDJHRIVFOHURVHG
JORPHUXOLZDVVLJQLILFDQWO\KLJKHULQROGUHFLSLHQWV<o2DVFRPSDUHGWR\RXQJUHFLSLHQWV
<o<)LJ
1RVLJQLILFDQWGLIIHUHQFHVZHUHQRWHGHLWKHULQLQWHUVWLWLDOILEURVLVWXEXODUDWURSK\RU LQWLPDO
SUROLIHUDWLRQEHWZHHQ UHFLSLHQWVZLWK UHVSHFW WRGRQRU DJH DOWKRXJKROG UHFLSLHQWVRI D JUDIW
IURPDQROGGRQRU WHQGHG WRKDYH UHODWLYHO\PRUHJORPHUXORVFOHURVLV WKDQ WKRVHZLWK JUDIWV
IURP\RXQJRUDGXOWGRQRUV+RZHYHUWKHGLIIHUHQFHVZHUHQRWVLJQLILFDQW)LJDF7DE
:KLOHWKHLQIOXHQFHRIUHFLSLHQWDJHZDVPLOGUHFLSLHQWERG\ZHLJKWDQGNLGQH\ZHLJKWERG\
ZHLJKW UDWLR VLJQLILFDQWO\FRUUHODWHGZLWK WKHSHUFHQWDJHRI VFOHURWLFJORPHUXOL DW WKHGD\RI
WUDQVSODQWDWLRQ 7DE  +RZHYHU DW WKH WLPH RI KDUYHVWLQJ ZH REVHUYHG QR VLJQLILFDQW

FRUUHODWLRQEHWZHHQUHFLSLHQWERG\ZHLJKWRU.:%:UDWLRDQGPRUSKRORJLFDOUHVXOWV
)LJXUH
3HUFHQWDJHRIVFOHURWLFJORPHUXOL LQ\RXQJDGXOWROGUHFLSLHQWVZLWKDNLGQH\DOORJUDIW IURP
DQROGGRQRU'DWDDUHPHDQr 6(0SYV\RXQJUHFLSLHQWVZLWKDNLGQH\JUDIWIURP
ROGGRQRU2<
$EEUHYLDWLRQV2<ROGGRQRUWR\RXQJUHFLSLHQW2$ROGGRQRUWRDGXOWUHFLSLHQW22ROG
GRQRUWRROGUHFLSLHQW
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)LJXUH
3HUFHQWDJHRIVFOHURWLFJORPHUXOL LQ\RXQJDGXOWROGUHFLSLHQWVZLWKDNLGQH\DOORJUDIW IURPD
\RXQJGRQRU'DWDDUHPHDQr 6(0SYV\RXQJUHFLSLHQWVZLWKDNLGQH\JUDIWIURP
\RXQJGRQRU<<
$EEUHYLDWLRQV<<\RXQJGRQRUWR\RXQJUHFLSLHQW<$\RXQJGRQRUWRDGXOWUHFLSLHQW<2
\RXQJGRQRUWRROGUHFLSLHQW
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)LJXUH
5HSUHVHQWDWLYHSKRWRPLFURJUDSKVRISHULRGLFDFLG6FKLIIVWDLQHGUHQDODOORJUDIWVHFWLRQVDROGGRQRUWRROGUHFLSLHQWE\RXQJGRQRUWRROGUHFLSLHQWF\RXQJGRQRUWR\RXQJUHFLSLHQW
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7DEOH ,PPXQRKLVWRORJLFDODQGKLVWRORJLFDOUHVXOWVLQDOORJUDIWV
*URXS 1 0DFURSKDJHV
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 ,PPXQRKLVWRORJ\
,PPXQRKLVWRORJLFDODQDO\VLVRIJUDIWWLVVXHVUHYHDOHGPRQRQXFOHDUFHOOLQILOWUDWLRQLQDOOJURXSV
ORFDOL]LQJ SUHIHUHQWLDOO\ LQ SHULYDVFXODU DQG SHULJORPHUXODU DUHDV 5HFLSLHQW DJH VLJQLILFDQWO\
LQIOXHQFHGWKHQXPEHURILQILOWUDWLQJ&'7O\PSKRF\WHVDQG('SRVLWLYHPDFURSKDJHVZKHQ
NLGQH\VIURPROGGRQRUVZHUHWUDQVSODQWHG,QILOWUDWLRQRI7O\PSKRF\WHVDQGPDFURSKDJHVZDV
VLJQLILFDQWO\ PRUH SURQRXQFHG LQ JURXS 2o2 WKDQ LQ 2o$ DQG 2o< )LJ   6LPLODU
HIIHFWVRI UHFLSLHQWDJHZHUHQRWHG LQDQLPDOVZKRKDG UHFHLYHGDNLGQH\IURPDQDGXOWGRQRU
+RZHYHUGLIIHUHQFHVGLGQRWUHDFKVWDWLVWLFDOVLJQLILFDQFH,I\RXQJGRQRUVZHUHXWLOL]HGFHOOXODU
LQILOWUDWLRQZDVPRVWSURQRXQFHGLQDGXOWUHFLSLHQWV<o$7KHQXPEHURILQILOWUDWLQJFHOOVZDV
ORZLQ\RXQJUHFLSLHQWVZLWKD\RXQJNLGQH\JUDIW<o<DQGROGUHFLSLHQWVZLWKD\RXQJNLGQH\
JUDIW<o27DE
,QFUHDVLQJGRQRUDJHGLGQRWLQIOXHQFHWKHQXPEHURI&'7O\PSKRF\WHVDQGPDFURSKDJHVLQ
\RXQJRUDGXOWUHFLSLHQWV+RZHYHULQROGUHFLSLHQWVFHOOXODULQILOWUDWLRQLQFUHDVHGZLWKGRQRUDJH
LWZDVPRVWSURQRXQFHGLQROGUHFLSLHQWVRIDQROGNLGQH\JUDIW2o2)LJ7DE
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)LJXUH
,PPXQRKLVWRFKHPLFDO HYDOXDWLRQ RI &'SRVLWLYH FHOOXODU LQILOWUDWLRQ LQ \RXQJ DGXOW ROG
UHFLSLHQWVZLWKDNLGQH\DOORJUDIW IURPDQROGGRQRU'DWDDUHPHDQr 6(0SYV\RXQJ
UHFLSLHQWVZLWKDNLGQH\JUDIWIURPROGGRQRU2<SYVDGXOWUHFLSLHQWVZLWKDNLGQH\
JUDIWIURPROGGRQRU2$
$EEUHYLDWLRQV2< ROG GRQRU WR \RXQJ  UHFLSLHQW 2$ ROG GRQRU WR DGXOW UHFLSLHQW 22 ROG
GRQRUWRROGUHFLSLHQW
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)LJXUH
,PPXQRKLVWRFKHPLFDO HYDOXDWLRQ RI ('SRVLWLYH FHOOXODU LQILOWUDWLRQ LQ \RXQJ DGXOW ROG
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,PPXQRKLVWRFKHPLFDO HYDOXDWLRQ RI ('SRVLWLYH FHOOXODU LQILOWUDWLRQ LQ ROG UHFLSLHQWV ZLWK D
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7DEOH&RUUHODWLRQRIERG\DQGNLGQH\ZHLJKWDWWUDQVSODQWDWLRQZLWKIXQFWLRQDODQGPRUSKRORJLFDOSDUDPHWHUV
3URWHLQXULD
PJGD\
&UHDWLQLQHFOHDUDQFH
POPLQJEZ
6FOHURWLFJORPHUXOL

5HFLSLHQW ERG\ZHLJKWDW7[     
'RQRUNLGQH\ZHLJKWDW7[      
.LGQH\ZHLJKWERG\ZHLJKWDW 7[     
5HFLSLHQW ERG\ZHLJKWDWKDUYHVWLQJ     
JUDIWNLGQH\ZHLJKWDWKDUYHVWLQJ     
.LGQH\ZHLJKWERG\ZHLJKWDW KDUYHVWLQJ    
$OOGDWDDUHJLYHQDVWKHYDOXHRIFRUUHODWLRQFRHIILFLHQWDQGS7[WUDQVSODQWDWLRQ
&RUUHODWLRQLVVLJQLILFDQWDWWKHOHYHO
&RUUHODWLRQLVVLJQLILFDQWDWWKHOHYHO

 5HYHUVHWUDQVFULSWDVHSRO\PHUDVHFKDLQUHDFWLRQ
:HREVHUYHGDWUHQGWRZDUGVDQLQFUHDVHGLQWUDJUDIWP51$H[SUHVVLRQRI3'*)$%FKDLQDQG
7*)LQROGUHFLSLHQWVDVFRPSDUHGWR\RXQJUHFLSLHQWVZKRKDGUHFHLYHGDNLGQH\RIWKHVDPH
GRQRUDJH$VLJQLILFDQWO\ LQFUHDVHGH[SUHVVLRQRIWKHVHIDFWRUVFRUUHODWLQJWRUHFLSLHQWDJHZDV
RQO\ REVHUYHG DPRQJ JURXSV UHFHLYLQJ DQ DGXOW JUDIW )LJ  'RQRU DJH SHU VH GLG QRW
VLJQLILFDQWO\DIIHFWDOORJUDIWJURZWKIDFWRUH[SUHVVLRQ

)LJXUH
*URZWK IDFWRU7*)EEDFWLQP51$H[SUHVVLRQE\573&5 LQ UHQDO DOORJUDIWV ZHHNV DIWHU
WUDQVSODQWDWLRQSYV$<$OOWKHUHVXOWVDUHJLYHQDVPHDQr 6(0
$EEUHYLDWLRQVDUH<<\RXQJGRQRUWR\RXQJUHFLSLHQW<$\RXQJGRQRUWRDGXOWUHFLSLHQW<2
\RXQJ GRQRU WR ROG UHFLSLHQW $< DGXOW GRQRU WR \RXQJ UHFLSLHQW $$ DGXOW GRQRU WR DGXOW
UHFLSLHQW$2DGXOWGRQRUWRROGUHFLSLHQW2<ROGGRQRUWR\RXQJUHFLSLHQW2$ROGGRQRUWR
DGXOWUHFLSLHQW22ROGGRQRUWRROGUHFLSLHQW
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*URZWKIDFWRU3'*)$EDFWLQP51$H[SUHVVLRQE\573&5LQUHQDODOORJUDIWVZHHNVDIWHU
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SYV$<SYV$$$OOWKHUHVXOWVDUHJLYHQDVPHDQr 6(0
$EEUHYLDWLRQVDUH<<\RXQJGRQRUWR\RXQJUHFLSLHQW<$\RXQJGRQRUWRDGXOWUHFLSLHQW<2
\RXQJ GRQRU WR ROG UHFLSLHQW $< DGXOW GRQRU WR \RXQJ UHFLSLHQW $$ DGXOW GRQRU WR DGXOW
UHFLSLHQW$2DGXOWGRQRUWRROGUHFLSLHQW2<ROGGRQRUWR\RXQJUHFLSLHQW2$ROGGRQRUWR
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22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*URZWKIDFWRU3'*)%EDFWLQP51$H[SUHVVLRQE\573&5LQUHQDODOORJUDIWVZHHNVDIWHU
WUDQVSODQWDWLRQSYV$<SYV$$$OOWKHUHVXOWVDUHJLYHQDVPHDQr 6(0
$EEUHYLDWLRQVDUH<<\RXQJGRQRUWR\RXQJUHFLSLHQW<$\RXQJGRQRUWRDGXOWUHFLSLHQW<2
\RXQJ GRQRU WR ROG UHFLSLHQW $< DGXOW GRQRU WR \RXQJ UHFLSLHQW $$ DGXOW GRQRU WR DGXOW
UHFLSLHQW$2DGXOWGRQRUWRROGUHFLSLHQW2<ROGGRQRUWR\RXQJUHFLSLHQW2$ROGGRQRUWR
DGXOWUHFLSLHQW22ROGGRQRUWRROGUHFLSLHQW
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 'LVFXVVLRQ
'RQRUDQGUHFLSLHQWDJHPD\LQIOXHQFHPDQ\DVSHFWVRINLGQH\WUDQVSODQWDWLRQLQFOXGLQJFKURQLF
UHMHFWLRQ ,W KDVEHHQSRVWXODWHG IRUPDQ\ \HDUV WKDW DPLVPDWFKEHWZHHQGRQRUNLGQH\ VXSSO\
NLGQH\ZHLJKWDQGIXQFWLRQDOGHPDQGVRIWKHUHFLSLHQWERG\ZHLJKWUHVXOWLQDK\SHUILOWUDWLRQ
LQGXFHG JORPHUXODU LQMXU\ ZKLFK PD\ VLJQLILFDQWO\ LQIOXHQFH ORQJWHUP RXWFRPH DIWHU NLGQH\
WUDQVSODQWDWLRQ%UHQQHU %0HWDO +HHPDQQ 8HWDO $]XPD+HWDO)URPWKH
UHFLSLHQWSRLQWRIYLHZRXUUHVXOWVDUHFRQVLVWHQWZLWKWKLVQRWLRQ
,QRXUH[SHULPHQWDGYDQFHGUHFLSLHQWDJHZDVDVVRFLDWHGZLWKPRUHVHYHUHDOORJUDIWLQMXU\7KH
EHVW RXWFRPHZDV DFKLHYHG LQ \RXQJ UHFLSLHQWV LUUHVSHFWLYHRIZKHWKHU DOORJUDIWVZHUH GHULYHG
IURP\RXQJ DGXOWRUROGGRQRUV%\FRQWUDVWNLGQH\JUDIWV LQROG UHFLSLHQWVGHYHORSHGVHULRXV
UHQDOGDPDJHLQGHSHQGHQWRIGRQRUDJH0RUHRYHULQLWLDOUHFLSLHQWERG\ZHLJKWFRUUHODWHGZLWK
WKHGHYHORSPHQWRI FKURQLF UHMHFWLRQ$VLJQLILFDQWEXW OHVVSURIRXQGFRUUHODWLRQZDVREVHUYHG
EHWZHHQGRQRUNLGQH\ZHLJKWDQGUHFLSLHQWERG\ZHLJKWUDWLRDW WKHWLPHRIWUDQVSODQWDWLRQDQG
WKHGHYHORSPHQWRIDOORJUDIWLQMXU\'RQRUNLGQH\ZHLJKWE\LWVHOIKDGQRVLJQLILFDQWFRUUHODWLRQ
ZLWKORQJWHUPDOORJUDIWLQMXULHVZKLFKPD\KDYHOHDGWRWKHOHVVSURIRXQGLQIOXHQFHRI.:%:
UDWLRRQWKHORQJWHUPDOORJUDIWRXWFRPHLQRXUH[SHULPHQW7KHUHIRUHIDFWRUVRWKHUWKDQNLGQH\
ZHLJKWKDYHWREHWDNHQLQWRFRQVLGHUDWLRQGRQRUDQGUHFLSLHQWDJHDPRQJWKHP,QRWKHUZRUGV
WKH JURZWK LQ UHFLSLHQW ERG\ZHLJKW FRXOG UHIOHFW KLJKHUPHWDEROLF GHPDQGZLWK DJLQJ ZKLOH
LQFUHDVHGGRQRUNLGQH\ZHLJKWPD\ UHIOHFW WXEXODUEXW QRWQHSKURQPDVV WKH LQFUHDVHGNLGQH\
ZHLJKWRIDJLQJUDWVPD\PDVNWKHUHGXFHGQXPEHURIIXQFWLRQLQJQHSKURQV7KXVZKHQZHWDNH
.:%:UDWLR DV D UHIHUHQFH IRU UHQDO WUDQVSODQWDWLRQ DJLQJUHODWHGQHSKURQ ORVVRU IXQFWLRQDO
GHWHULRUDWLRQVKRXOGEHWDNHQLQWRFRQVLGHUDWLRQ
,QRXU H[SHULPHQW WKH LPSDFWRIGRQRU DJHRQ WKHGHYHORSPHQWRI FKURQLF UHQDO UHMHFWLRQZDV

ZHDN'RQRUDJHLQIOXHQFHGDOORJUDIWRXWFRPHRQO\LQROGUHFLSLHQWV WKDWZDV LQFUHDVHGGRQRU
DJH ZDV DVVRFLDWHG ZLWK D PRUH UDSLG SURJUHVVLRQ RI FKURQLF UHMHFWLRQ ,Q \RXQJ DQG DGXOW
UHFLSLHQWV GRQRU DJH KDG QR HIIHFW RQ DOORJUDIW RXWFRPH 6XFK ILQGLQJV ZHUH XQH[SHFWHG DV
ORZHUVXUYLYDO UDWHVKDYHEHHQUHSRUWHG LQDQXPEHURIFOLQLFDOVWXGLHVXWLOL]LQJDOORJUDIWV IURP
ROGGRQRUV7DNHPRWR6HWDO<XJH-HWDO
([SHULPHQWDOVWXGLHVLQUDWVDVZHOODVLQKXPDQVKDYHFOHDUO\VXJJHVWHGWKDWDJHLVDFFRPSDQLHG
E\ VHYHUDOPRUSKRORJLFDO FKDQJHV LQ WKH NLGQH\ ,Q UDWV WKH HDUOLHVW LQGLFDWLRQV RI DJH UHODWHG
NLGQH\ GDPDJH RFFXU DW WKUHH PRQWKV 7\SLFDO OHVLRQV LQFOXGH WKLFNHQLQJ RI WKH JORPHUXODU
EDVHPHQWPHPEUDQH 7HUDVDNL 3, HW DO+LURNDZD . PHVDQJLDO SUROLIHUDWLRQ %HOO
5+ -U HW DO  WKH IXVLRQ RI IRRW SURFHVVHV RI SRGRF\WHV +DOORUDQ 3) HW DO  DQG
JORPHUXODU VFOHURVLV%HOO5+-U HWDO*UD\-( &RXVHU :*HWDO0RUHRYHULW
KDVEHHQVXJJHVWHGWKDWROGNLGQH\VDUHPRUHVXVFHSWLEOHWRLVFKHPLDUHSHUIXVLRQLQMXU\DQGUHQDO
GDPDJH +DOORUDQ 3) HW DO  7KHVH LQMXULHV ZRXOG LQ WXUQ FRQWULEXWH WR D FDVFDGH RI
LQIODPPDWRU\ HYHQWV DQG IXUWKHU UHGXFH QHSKURQPDVV ,Q WKH OLJKW RI RXU ILQGLQJV WKHVH DJH
UHODWHGPRUSKRORJLFDOFKDQJHVLQ WKHNLGQH\PD\QRW WULJJHU WKHUHMHFWLRQSURFHVV+RZHYHU LQ
ROGUHFLSLHQWVRIROGGRQRUNLGQH\VWKHUHZDVDWUHQGWRZDUGVDPRUHSURQRXQFHGDOORJUDIWLQMXU\
7KHUHIRUH LW LV UHDVRQDEOH WR DVVXPH WKDW VPDOO GLIIHUHQFHV EHWZHHQ WKH GRQRUV EHFRPHPRUH
REYLRXVLQDQLPDOVZLWKDKLJKPHWDEROLFGHPDQGWKDWLVLQROGUHFLSLHQWV
,WKDVEHHQZHOOHVWDEOLVKHGWKDWSURWHLQUHVWULFWLRQDPHOLRUDWHVZKLOHKLJKGLHWDU\SURWHLQLQWDNH
H[DFHUEDWHVJORPHUXODU LQMXU\$QGHUVRQ6HWDO$VWKHUDWV LQRXUH[SHULPHQWZHUHQRW
IHGDFFRUGLQJ WRDSURWHLQ UHVWULFWLRQGLHW LW LV OLNHO\ WKDW WKHLU JURZWKZDV DFFRPSDQLHGE\DQ
LQFUHDVHGSURWHLQLQWDNH7KH¦KLJKSURWHLQGLHW§ LQROGHUUHFLSLHQWVPD\KDYHFRQWULEXWHGWRWKH
PRUH VHYHUH DOORJUDIW LQMXU\ LQ WKHVH JURXSV 6LPLODUO\ LQ \RXQJ UHFLSLHQWV ORZ SURWHLQ LQWDNH
PD\EHUHVSRQVLEOHIRUWKHEHWWHURXWFRPHRIWKHVHJUDIWV
,QKXPDQVDQGURGHQWVLPPXQHIXQFWLRQVGHFOLQHZLWKDJH+LURNDZD. +LURNDZD. 

0DNLQRGDQ7HWDO7KHLQYROXWLRQRIWKHWK\PXVPD\EHUHVSRQVLEOH+LURNDZD.
,QRXUH[SHULPHQWZHGLGQRWREVHUYHDQ\EHQHILFLDOHIIHFWVRI ORZHUDOORUHVSRQVLYHQHVV LQROG
UHFLSLHQW 7KH EHVW RXWFRPH ZDV REVHUYHG LQ \RXQJ UHFLSLHQWV RI D NLGQH\ RI D \RXQJ GRQRU
&OLQLFDOO\ SRRU RXWFRPH LV REVHUYHG LQ \RXQJ UHFLSLHQWV $UEXV*6 HW DO  7KHUH DUH D
FRXSOHRISRVVLELOLWLHVWRH[SODLQWKLVGLIIHUHQFH)LUVWRIDOO\RXQJUHFLSLHQWVWHQGWRKDYHDORZHU
FRPSOLDQFH WKDQROGHURQHV LQDFOLQLFDOVHWWLQJ)XUWKHUPRUHZHGLGQRW ORRNIRUDFXWHHIIHFWV
EXWIRUFKURQLFRQHV,QWKLVVHWWLQJLWPD\EHRILPSRUWDQFHWKDWDJHUHODWHGFKDQJHVLQVXEVHWVRI
&'7FHOOVLQWKHSHULSKHU\VKLIWIURP7+WR7+:KLOHWKH7+FHOOVDUHKHOSIXOIRUDFXWH
UHMHFWLRQ WKH\ PD\ EH RI LPSRUWDQFH IRU WKH LQLWLDWLRQ DQG PDLQWHQDQFH RI FKURQLF DOORJUDIW
QHSKURSDWK\6KLUZDQ++LURNDZD.
3'*)DQG7*)E DUHOLNHO\WREHLQYROYHGLQWKHGHYHORSPHQWRIFKURQLFDOORJUDIWQHSKURSDWK\
+XWFKLQVRQ ,9  +DOOHU + HW DO  7*)E KDV WKH SRWHQWLDO WR LQGXFH SDWKRORJLFDO
FKDQJHVVXFKDVILEURVLVDQGDUWHULRVFOHURVLV+XWFKLQVRQ,97KHHIIHFWVRI3'*)LQFOXGH
SURPRWLRQ RI K\SHUWURSK\ DQG SUROLIHUDWLRQ VWLPXODWLRQ RI FKHPRWD[LV DQG FRQWUDFWLRQ LQ
YDVFXODU EHGV DQG VWLPXODWLRQ RI 7*)E SURGXFWLRQ $EERXG +(  ,Q UDWV LW KDV EHHQ
GHPRQVWUDWHG WKDW GHFUHDVHG UHQDOPDVV DFFHOHUDWHV DQG LQWHQVLILHV FKDQJHV UHVHPEOLQJ FKURQLF
UHMHFWLRQ LQSDUDOOHO WR DQ LQFUHDVHG H[SUHVVLRQRI3'*) DQG7*)E DGKHVLRQPROHFXOHV DQG
HQGRWKHOLQ+DOOHU+HWDO.LQJPD ,HWDO ,QRXUH[SHULPHQWKLJKHUH[SUHVVLRQRI
3'*)$ DQG % FKDLQ DV ZHOO DV 7*)E LQ ROG UHFLSLHQWV RI DQ DGXOW RU ROG JUDIW SDUDOOHOHG
LPPXQRORJLFDO DQG KLVWRORJLFDO UHVXOWV 7KHUHIRUH WKH LQFUHDVHG H[SUHVVLRQ RI WKHVH JURZWK
IDFWRUVPD\WRVRPHH[WHQWPHGLDWHDJHUHODWHGDOORJUDIWLQMXU\
,Q FRQFOXVLRQ WKH LQIOXHQFH RI UHFLSLHQW DJH DQG ERG\ ZHLJKW RQ DOORJUDIW LQMXU\ ZDV PRUH
SURQRXQFHGWKDQWKDWRIGRQRUNLGQH\ZHLJKWLQRXUH[SHULPHQW

 &RQFOXVLRQ
,QVXPPDU\RXUUHVXOWVGHPRQVWUDWHWKDWUHFLSLHQWDJHDQGERG\ZHLJKWSURIRXQGO\LQIOXHQFHWKH
ORQJWHUPUHQDODOORJUDIWRXWFRPHLQRXUUDWPRGHO,QFUHDVHGUHFLSLHQWDJHDQGERG\ZHLJKWVDUH
GHWULPHQWDO WR WKH JUDIW LPSOLFDWLQJ WKH LPSRUWDQFH RI UHFLSLHQW IXQFWLRQDO GHPDQG  LQ WKH
GHYHORSPHQW RI FKURQLF DOORJUDIW QHSKURSDWK\ %\ FRQWUDVW GRQRU NLGQH\ ZHLJKW GLG QRW
VLJQLILFDQWO\DIIHFWWKHODWHDOORJUDIWLQMXU\2QO\LQROGUHFLSLHQWVJURXSVLQFUHDVHLQGRQRUDJHLV
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